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Rotary shaft 
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F i g.8 



Low refractive 
index material 


Target material 


Film material 


Si 


Sio 2 


SiC 


sio 2 


Alloy of Si and Al 


Si0 2 + A1 2 0 3 


High refractive 
index material 


Ti 


Ti0 2 


Ta 


Ta 2 0 5 


Zr 


Zr0 2 


Zn 


ZnO 


Nb 


Nt>20 5 
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Examples of substrate used in the present invention 



For WDM 


WMS manufactured by OHARA Corporation 
(glass ceramics) 


For optical 
filter 


Colorless sheet glass (high 
transraittance glass) 


Hard glass {low expansion glass) 


Artificial crystal 


Quartz 


BK-7 (optical glass) manufactured by 
Schott Corporation 


Fluorophosphate glass 


Borosilicate glass 



OBLON, SPIVAK, ET AL 
DOCKET #: 241315US-2CONT 
INV: Eiji SHTOOJI, et al. 
SHEET _8_ O F 34 



u 

% 

o 



oa co in 

* * * * 




CO 



CL 

u 



OBLON, SPIVAK, ET AL 
DOCKET #: 241315US-2CONT 
INV: Eiji SHIDOJI, et al. 
SHEET 9 OF 34 




OBLON, SPIVAK, ET AL 
DOCKET #: 24131 5US-2CONT 
INV: Eiji SHTOOJI, et al. 
SHEET 10 OF 34 




OBLON, SPIVAK, ET AL 
DOCKET #: 24131 5US-2CONT 
BVV: Eiji SHTOOJI, et al. 
SHEET 11 OF 34 



F i g.13(a) 



F i g.13(b) 




OBLON, SPIVAK, ET AL 
DOCKET #: 24131 5US-2CONT 
EW: Eiji SHIDOJI, et al. 
SHEET 12 O F 34 




OBLON, SPIVAK, ET AL 
DOCKET #: 241315US-2CONT 
INV: Eiji SHTOOJI, et al. 
SHEET 13 O F 34 




F i g.15(c) 



OBLON, SPIVAK, ET AL 
DOCKET #: 241315US-2CONT 
INV: Eiji SHIDOJI, et al. 
SHEET 14 OF 34 



o 
% 

U 
4J 

CO 



u 

Ctf 



CO 



CO 

to 
a 

M 
V 

■rj -H 

x: 

XJ CO 

t» B 

o 

•H 
4J 



6 

-H 



-H 
Q) 
M 
0) 

■S 



s 

CQ 

in 



F i g. 1 6 



O 



Distribution in advancing direction by 
target for slow film deposition in 
carousel type film deposition 
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0,999 
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-200 



-150 



-100 



-50 



50 



100 



150 



200 



Position on substrate in advancing 
direction (mm) (wherein center of 
substrate is defined as 0) 



Normal target 

Target having an inclination angle of 5 deg 



OBLON, SPIVAK, ET AL 
DOCKET #: 24131 5US-2CONT 
INV: Eiji SHTOOJI, et a!. 
SHEET 15 OF 34 




OBLON, SPIVAK, ET AL 
DOCKET #: 241315US-2CONT 
INV: Eiji SEQDOJI, et al. 
SHEET 16 O F 34 



F i g. 1 8 



u 

0) 

4-> 

P! 

0> — . 

G 

O 4-> W 
•H flj (0 

JJ 

,q to J) 

•rl <D 

4-» m-i 

05 O fl) 
■H tH T* 

4-> CO 
CO *H 

o ^ 

■H jJ 4-) 

43 -H to 

g Q> CO 



Distribution in advancing direction by 
target for rapid film deposition in 
carousel type film deposition 
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-200 



150 -tOO -50 0 50 tOO 

Position on substrate in advancing 
direction (mm) (wherein center of 
substrate is defined as 0) 



ISO 



200 



Normal target 

Target having an inclination angle of 5 deg 
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F i g. 20 

Change in transmit tance of light having 
wavelength of 550 nm when TiO a (n=2.4) is 
deposited on glass substrate 



100 




o *— ~* ■ — — ■ ' ' 

0 50 100 15a, 200 250 



Film thickness (nm) 
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Section A 



Section C 



Section D 
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angle of 
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10 deg 
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Completion of film deposition for 
28th layer 

Completion of film deposition by 
37.3 nm for 29th layer 

Completion of film deposition by 
® 52.2nm for 29th layer 

Completion of film deposition for 
® 29th layer 

Completion of film deposition by 



29th layer + 20 nm 
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F i g.24 

Spectral transmit tance for BPF having 29 
layers and one cavity, and transmit tance 
approximately converted based on measurement 
at incident wavelength of 550 run 




549 549.2 549.4 549.6 549.8 550 550.2 550,4 550.6 550.8 55t 

Wave 1 eng th ( run ) 



Actual spectral transmit tance 
Approximately converted spectral 
t ransmi 1 1 anc e 
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F i g.25 



Angular dependency of transmittance for BPF 
having 29 layers and one cavity 
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Angle (deg) 
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F i g.26 

Spectral transmit tance for BPF having 29 
layers and one cavity, and transmittance 
approximately converted based on measurement 
at incident wavelength of 549 nm 




549 549.2 549.4 549.6 549.8 550 550.2 550.4 550.6 550.9 551 



Angle (deg) 



Actual spectral transmittance 
Approximately converted spectral 
t r ansiui 1 1 anc e 
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F i g.37 



Film property required for multilayer optical film 





Targeted value 


Film stress 

(Si0 2 ) 
(Ta 2 0 5 ) 


Within range of ±300 MPa 


Refractive index 

(Si0 2 ) 
(Ta 2 0 5 ) 


1.45 or more and 1.48 or less 
2.15 or more and 2.25 or less 


Extinction coefficient 

(SiOa) 
(Ta 2 0 5 ) 


< 10~ 4 

< 10" 4 


Haze value 


< 0.1% 


Smoothness (Ra) 


< 1.0 nm 


Wavelength shift 
(60°C, 90%RH, 120 h) 


< 1 nm 



